味覚障害の改善における亜鉛酵素の役割に関する生理学的研究 by 駒井  三千夫
味覚障害の改善における亜鉛酵素の役割に関する生
理学的研究









































bonic Anhydrase= CA)アイソザイムの低下は､分泌型であるCA VIではなく主としてCA II
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9. SUMMARY OF RESEARCH RESULTS
(1 ) Effect of carbonicanhydrase inhibitor (CAI) on taste sensitivity:
To elucidate the effect offeeding of carbonic anhydrase inhibitor on taste reception, the
preference for basic taste was observed,andthe chorda tympani nerve responses to basic taste
and carbonated water was recorded in SD rats. Male rats, eight weeks old, were fedthe
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experimental diet either supplementedwith0.2 % acetazolamide (CAI) or pair-fed controlfor
5 weeks･ The preference for typicalbasic taste solution was measured by 2-bottle selection
method (waterand taste soln) with5 rats per one group reared together in one cage for 5
weeks,andthe chordatympani nerve recordings were recorded at 1 , 2, 3,and 5 week (n-416
rats, respectively)･ Carbonicanhydrase activity of the submandibullargland was measured
by modified Maren's method at 2, 4, 9, 1 5,and 22 days (n-5 rats, respectively) after feeding
of the experimental diets.　　　　　　,
Two-fold prefTerence rate for 1 54 mM NaCland markedly increased solution intakes of
5 mM HCl, L-glutamic acid, qulnlne-HCI were observed inthe acetazolamide diet group
comparedwiththe control･ The diuretic condition due to acetazolamide supplementation
might cause abrupt increase of NaCI prefTerence, whereas other changes are still remained to
be explained･ The meanvalues of the chorda tympani nerve responses toal1 taste stimuli
decreased by acet&olamidefeeding after 1 week or later. Carbonic anhydrase activityinthe
submandibullar gland showed paralleled decrease asthe taste nerve response duringthe
exp erimenL
(2) Carbonated water receptionand the zinc enzyme: Carbonic anhydrase activity inthe
zinc-deficient rats :
The present research wasundertaken to elucidate the effTect of fTeeding duration of zinc
deficient diet onthe decrease of the lingualtrigeminalnerve response to carbonated water in
SD rats･ Male SD rats, 4 weeks old, were divided into four groups,and fed zinc-deficient
diet (containing zinc 1 ･O ppm), low-zinc diet (4.7 ppm), zinc sufficient diet (35.4 ppm) with
斤ee access･ Theforthgroup was pair-fedthe zinc sufncient dietwithrespect tothe zinc
deficient rats･ The nerve response of the lingualtrigeminalwas measured on 0, 4, 10, 14, 21,
28, 35,and the 42nd day after feeding of the experimental diets･ Simultaneously, carbomic
anhydrase activity in the submandibular glandand plasma zinc content were measured.
Electrophysiological recordingfromthe lingualtrigeminal nerve bundle bythe
integrated response showed that the response to CO2 Was SlgmifiCantly decreased after 28days
feeding of zinc deficient diet･ By separatingthe impulse of the nerve response to CO2 by our
software (Suzuki, H), it was observedthatthere are many flbersthat decreased after 14 days
feeding of zinc deficient diet･ Inthe zinc deflCient rat, Carbomic anhydrase activity inthe
submandibular gland was also significantly decreased after 14 days feeding･ lnthe second
experiment, when zinc sufficient diet was re-fed tothe zinc deficient ratthatfed deflCient diet
for 35 days, the response to CO2and the carbomiCanhydrase activity recovered only 6 to 8
days afterthe feeding･ Detailed information on the impalrmentandthe recovery of lingual
trigeminal nerve sensitivityandthe carbonic anhydrase activity inthe salivary gland due to
zinc deficiency were revealed by the present research.
(3) Zinc deficiency raise NaCI preference throughthe decrease of hypophysial oxytocin
secretion:
We have confirmed that NaCI preference is greater inthe zinc-deficientand low-zinc
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ratsthaninthe control (zinc-sufncientand pair-fed) rats after 4 days'fTeeding. Furthermore,
we havealSo reportedthat long-termzinc deficiency decreases taste sensitivity atthe level of
the chorda tympani nerveandthatthe change in NaCI preference due to zinc deficiency
occurs befbrethe decrease in taste sensitivity･ In order to clarifythe mechanismforthe
increased NaCI preference observed in zinc-deficientand low-zinc rats atanearlier stage of
the feeding, wetherefore investigatedthe efrTects of zinc deficiency on plasma index (mineral
concentration, pH, hematocrit), blood pressure, urinary excretion, water intakeand selected
hormones･ Male 4 week-old Sprague-Dawley rats were divided into three groups
(zinc-deficient, low-zincand pairやd)･ Atanearlier stage of the feeding period, there was
no change of plasma sodiumconcentration inthe zinc-deficient rats･ Wealso investigated
thatthe efrTects of zinc deficiency on neurohypophysialhormOnes in rats because brain
oxytocin system is important forthe regulation of sodiumbalance via effTects on sodium
intakeand excretidn･ In consequence,the feeding of zinc-deflCient diet causesthe decrease
of plasma oxytocin concentration even after 4 days'feeding･ These results suggest thatthe
dietary slgnal of zinc-deficiency may reflect NaCI preference, possibly throughthe
hypothalamus-neurohypophysialsystem.
(4) SubmandibullarCAII activitywas reduced by zinc deficiency:
We previously reported that in rats, long-term zinc deficiency significantly reduced
taste sensitivityand total carbomiCanhydrase (CA) activity inthe submandibular gland. We
therefore investigatedthe effTects of zinc deflCiency on salivary secretionand the expression of
CA isozymes (IIand VI) inthe rat submandibular gland, since those isozymesarethOught to
be related to taste sensationand salivary secretion. Male 4-week･叫ld SD rats were divided
into three groups (zinc-deficient, low-zinc,and pair-fred: fed a diet containing 2.2, 4. 1, or 33.7
mg zinc/kg, respectively,for 42 days)･ Northem blotanalysis indicated that zinc deficiency
reduced CA II mRNA expression in the submandibular gland wi血out reducing CA VI
expression･ In westem blot　analysis, zinc deficiency sigmificantly reduced CA II
(erythrocyte CA) protein expression inthe submandibul訂glandwithout reducing CA VI
expression. Salivary secretion was lower in the zinc-deficient groupthaninthe pair-fed
group･ We also conflrmed the decreased salivary secretion rateand CA II expression in the
submandibular glandthat was affTected by dietary zinc content. These results suggestthat
decreased CA II expression underliesthe decreased CA activity previously reported inthe
submandibular gland in the zinc-deficient rats,and may reduce bothregular salivary secretion
and taste sensitivity.
(5) Zinc deficiencyand the appetite controling neuropeptides secretion:
As shown below there was an unbalanced control mechanism in the fわod intake of
zinc-deficient rats, i.e., decreased hypothalamus neuropeptide Y (NPY) mRNA expression,
and increased CRH mRNA expressions were observed especially in the bottom duration of
food intake after 3 days of zinc deficient di.etfeeding in their cosine curve of food intake
pattem･ Therefore, the present study suggests that neuropeptide controling mechanism
O7
may be involved inthe abnomal foodand appetite control statusin the zinc deficiency,
though further studies are required in this phenomena including POMC expression in the
hypothal anus.
Summary
･* Zn-Def vs. Pair-fed
-　Nochange
** Zn repletion experiment confirmed these changes were reversible･
Other items measured
Orexlgenic peptides : AgRPI Orexin? MCHI Galanin
Anorexlgenic peptides: POMC! CARTI NT, Ucn, CCK, OT
Plasma biochemicalmarkers : Insulin,　　AdiponectinI Glucosel
Non-esterirled fatty acids
Estimated abnormal food intake control mechanism seen in the Zn
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